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Abstract 

The concept of a threshold of activity of a genotoxic agent is primanly based upon considerations cf proiecuve 
mechanisms and multiple cellular nirgets, which require inaeiivaticm before ii toxic response is produced. In this paper, we 
have considered and evaluated the influences of compound mecabolism. DNA lesion formation, mutation induction and 
sequence content, aneuploidy induction and the influence of repair enzymes upon genetic endpoints produced by both DN.A 
reactive chemicals and by those chemicals which modify non-DN.A cellular targets. Thresholds of ictivitv have been 
evaluated by critical analysi.s of the published literature and origintd data analysing both the role of sequence context upon 
point mutation induction and DNA repair mechanisms upon the sensitivity of cultured celts to the induction of aneuploidy. 
In the case of DNA reactive chemicals, the presence of a threshold of chemical activity will be dependent upon cellular 
activities such a.s those of the Pha.se II enzymes reducing the activity of chemicals before lesion formatioT) cakes place 
and/or those of the DNA repair enzymes which reduce the proportion of DN.A lesions which are proce.ssed into DNA 
sequence changes. Under such conditions, a given exposure of a DNA reactive chemical does not produce a linear or 
semi-linear increase in DNA lesions or in mutation frequency. However, even when these protective mechajiisms are 
overwhelmed by the high exposures of genotoxic chemicals the biological effects of a genotoxin may be influenced by the 
sequence context of the gene under consideration. Here, we demonstrate that point mutations are detected at relatively higher 
frequencies in the non-coding intions compared with the coding exons. Many of the base changes detected in the exons do 
not produce amino acid changes in the proteins coded for by the genes being monitored for mutation induction. Both 
sequence context and the types of base changes induced may provide a ••buffering" effect reducing the biological 
consequences of mutation induction. Spindle damaging chemicals, such as colcermd and vinblastine, induce aneuploidy by 
modifying the numbers of spindle fibres which regulate the segregation of chromosomes during mitosis and nieiosis. The 
redundancy of spindle fibres in the dividing mammalian cell leads to the prediction that only chemical exposures which 
damage most, if not all. of the fibres will lead to the induction of polyploidy and/or aneuploidy. Such predicted thresholds 
of chemical activity can be observed when both chromosome loss and non-disjunction are measured in wild type cultures. 
However, we observed a substantial increase in sensitivity to aneugenic chemicals when measurements were made in 
pnmary cell cultures derived from .xerodoraa pigmentosum and trichothiodystrophy patients. Further studies are necessary to 
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1. Introduction 

Models of mutation induction by cheimcals make 
the assumption that DNA lesions processed by mis- 
repair act as the starting point m the formation of 
inherited sequence changes (for example see Ref. 
[l]). A fraction of the point mutations produced by 
DNA lesion processing may be induced in critical 
genes involved in cancer progression [2] and if trans¬ 
mitted by the germ cells may lead to inherited 
disease [.R]. The basic assumption of the dose-re¬ 
sponse curve of mutation by a DNA reactive chemi¬ 
cal is that each DNA lesion induced has the potential 
to induce a mutation within exposed cells or whole 
organisms, i e,. the response does not have a thresh¬ 
old. In contrast, threshold dose-responses are as¬ 
sumed to involve exposures to redundant or multiple 
cellular targets, which require inactivation or modifi¬ 
cation before a toxic response is produced or when 
low levels of DNA lesions are eliminated before they 
produce mutations. 

In the case of the DNA reactive chemicals, there 
are a variety of factors which may ne predicted to 
modify the chain of events occurring between chemi¬ 
cal exposure and the expression of a mutant pheno¬ 
type. Protective mechanisms can be classified into 
the following: 

(a) Those which modify the activity of a chemical 
such that the frequency of DNA lesions is reduced. 
Such mechanisms include scavengers of oxygen rad¬ 
icals and the Phase II metabolising enzymes such as 
those that conjugate xenobiotic chemicals and reduce 
their biological reactivity or increase their rate of 
excretion (for example, see Ref. [4]). Such modifica¬ 
tions may be predicted to inactivate chemicals and 
reduce DNA le.sions under conditions of relatively 
low exposure. However, we should also take into 
consideration the high frequencies of enzyme poly¬ 
morphisms reponed in the human population (for 
review, see Ref, [5]). which may vary the ability of 
individuals to inactivate DN.A reactive chemicals. 


(b) Those which modify the frequencies of lesions 
that remain in the DN'A, An extensive range of DNA 
repair mechanisms are present in "normal'' ceils, 
which are capable of removing DNA lesions before 
they are processed into DNA sequence changes [6]. 

At low doses, error-free repair can be assumed Zo ^ 
eliminate low levels of DNA lesions. 'We can predict 
that when the metabolic and/or repair mechanisms 
of the cell are overwhelmed by increasing chemical 
exposure, w-e can expect quantitative dose-related 
increases in effect. 

Unlike the situation with metabolic enzvmes. there 
is little evidence for the existence of polymorphisms 
for repair capacity within human populations. It is 
difficult to conceive of either homozygous or het¬ 
erozygous advantage being produced by the posses¬ 
sion of a defective allele of a gene involved in DN'A 
repair. 

In the context of repair activity, consideration 
should also be made of substances, which may mod¬ 
ify the rates of DNA repair. The presence of such 
chemicals may have the potential to produce a situa¬ 
tion of DN.4 lesion overload at lower doses of 
chemical exposure and thus lead to modifications of 
thresholds. 

(c> Those which modify the proportion of cells 
containing DNA lesions and/or genetic changes that 
are induced to undergo cell death or apoptosis. An 
example of such events are those that are produced 
by the p53 tumour suppressor gene pathway [7], 
which will eliminate cells carrying genetic changes. 

(d) Those which modify the relative importance 
of mutations. Examples of such factors include the 
influence of DNA sequence, such as whether modi¬ 
fied sequences are coding or non-coding, whether 
sequence changes produce amino acid substitutions 
and. if produced, the selective value of protein modi¬ 
fications 

In the case of aneuploidy-inducing (aneugenic) 
chemicals, which interact with multiple targets to 
produce a toxic effect, a potential threshold effect 
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can be predicted. Chemicals such as vinbiasime. 
which interact with the tubulin molecules of the 
mitotic spindle have been predicted to produce a 
threshold dose-response curve [8]. In the case of 
such spindle inhibiting chemicals, low exposure con¬ 
centrations may inhibit only a proportion of the 
critical molecules and only as exposure concentra¬ 
tions increase will the effectiveness of the spindle 
apparatus be impaired. With increasing impairment 
of the spindle, it follows that chromosome malsegre- 
gation will occur with subsequent aneupioidy in 
progeny cells. 

In this paper, w'e discuss the methods which may 
be used to estimate potential thresholds of activity of 
genotoxic cherrdcals using in vitro techniques and 
allow us to extrapolate to the in vivo situation. We 
have evaluated the influence of DN.'y repair status 
and the sequence context of induced mutations upon 
both DNA reactive and aneugenic chemicals. 


2. Materials and methods 

2.L Measiirement of mutations in intmns and exons 
2.LI. Animal dosing 

Mice (CD-l) (Charles River, Kent) were dosed in 
groups of four, with five control animals receiving 
the vehicle only. Animals were administered a chem¬ 
ical dose of 50% of the LD.;(j of the mutagen by 
gavage and were sacrificed 3 days post-treatment. 
Target tissues were dissected and DNA extracted by 
the high salt method [9], 

2.1.2. Restriction site mutation iRSM) analysis at the 
p5d gene of mice 

The basic pnnciples of the RSM assay are de¬ 
scribed In detail in Jenkins et al. (1997) [15]. Aliquots 
(1 pig) of DNA were exhaustively digested with 20 
units of restriction enzyme overnight at 37°C. The 
enzyme resistant molecules of the p53 gene were 
subsequently amplified by PCR using primers flank¬ 
ing the restriction site. The amplified PCR products 
were re-restricted in order to remove any wild type 
DNA. RSM products were run on 6% acrylamide 
gels and stained with silver to identify any enzyme 
resistant bands. 


Exon 4 contained the Smril, Aliil and .Vcol 
restriction sites suitable for RSM analysis and was 
amplified with the following pnmers at an annealing 
temperature of 60T: 5 'CCATCACCTCACTg'*- 
CATGGAC3' and 5'AGGAAGCCCAGGTGG- 
AAG3'. 

E.xon 5 contained the //cmIII, L'col and MnlV 
restriction sites and was amplified w ith the following 
primers at an annealing temperature of 55"C: 
5'CTCTCCTCCCCTCAATAAGC3' and 5'GTCT- 
CACGACCTCCGTCATGTG3'. 

Intron 6 contained the Haelll and the Banll 
restriction sites and was amplified with the following 
primers at an annealing temperature of 60°C: 5’CTT- 
TCTCTAGCAACCCGTTTGC3' and 5’CCCTAC- 
CTCACTACAGGTGACC3'. 

2.L3. Sequencing 

Enzyme resistant RSM products were sequenced 
using the Autoload DNA sequencing kit (Pharmacia) 
and run on an .ALF DN.A sequencer (Pharmacia). 

2.J. Comparaiire analysis of induced aneupioidy in 
I tiro in wild type and repair defectii e human cell 
lines 

2.2.1. Cell culture and treatments 

One normal human fibroblast cell line (HF12), 
repair defective cell lines from complementation 
group D (XPioBR) and group A (XP18BR) of xero¬ 
derma pigmentosum, as well as one cell line from 
Trichothiodystraphy (TTD2BR) [10] were used in 
our experiments the time of experimenrs. the cel! 
lines were between passages 6-14 and were kindly 
supplied by Professor Colin Arlett (Brighton). 

The media for all cell lines was DMEM supple¬ 
mented with 15% fetal calf serum. Cells were grown 
in centimeter squared flasks, at 37“C and 5% CO, 
before, during and after treatment. Subculturing in 
the ratios of 1:3, 1:2 and 1:2 were performed for the 
HP 12, XP and TTD cell lines, respectively, using 
trypsin/EDTA to detach the cells from the surface 
of the culture vessels. Under these conditions, the 
cells reached confluence after about 2 days. Dupli¬ 
cate cultures were utilised in all the experiments. 

Twenty-four hours after of culture initiation, the 
HF12. XP and TTD cell lines were treated with 
doses of colcenaid (0.02, 0.05 and 0.2 p./ml) and 


PM3006451830 


Source: https://www.industrydocuments.ucsf.edu/docs/pjxj0001 



56 


J.M Farr, c't a.. ,\fma:icfn Rfit’un-i: -0-^' ' 5-'-0.’ 


vinblastine (2 and 5 ng/mt) for one cell cycle (about 
22 h for HF12 and about 26 h for XP and TTD 
cells). The cells were extensively washed with PBS 
several times and fresh medium was added to the 
cultures. Cells were harvested using cytochalasin-B 
at a final concentration of 3.0 p.g/mi, at zero, first, 
second and third cell cycles post wash by cyiospin- 
ning them onto clean slides. The cells were fixed for 
7 imn in 5:1 methanohacetic acid fixation and stained 
with labelled antikinetochore antibodies and visu¬ 
alised under a fluorescence microscope to allow the 
detection of micronuclei containing whole chromo¬ 
somes lost from the main nuclei. 

To measure the induction of chromosome non-dis¬ 
junction. the harve.sting took place using cytokinesis 
inhibitor. cyto-B, at a final concentration of 3 ixg/mi 
[25], Colcermd and vinblastine treated and control 
cultures were exposed to cyto-B iO h before harvest¬ 
ing. The cells were cytocentnfuged onto clean slides 
at 1200 rpm for 8 min. The slides were fixed in 90‘7c 
methanol for 7 min. 

2.2.2. Slide preparation 

Kinetochore labelled slides were scored to deter¬ 
mine the aneugen-induced micronuclei, A range of 
different lypes of cells were scored, i.e., biiiucleaied 
cells including kinetochore-positive and -negative 
micronucleated binucleates. kinetochore-positive and 
-negative micronucleated mononucleates, and multi- 
nucleated cells. The frequencies of micronucleated 
binucleate cells (MnBnc) W'Cre calculated as the 
number of MnBnc cells in total ceils scored x 100. 

Centromeric probes for fluorescence m situ hy¬ 
bridisation (FloH) were supplied by Cytoceil. The 
Cy-3-red labelled probe for chromosome 16 and 
FlTC-green labelled probe for chromosome 18 were 
already bound to 11 X 22 coverslips. Briefly. 37°C- 
waimed coverslips labelled with probes were placed 
on the pre-warmed slides using 10 ji.! of hybridisa¬ 
tion solution. The cells and probes were denatured at 
75“C for 5 min and incubated in humidified cham¬ 
bers at 37'’C for 25 mm. Following coverslip re¬ 
moval, stringency washes were performed to remove 
excess and unbound probes and reduce non-specific 
binding. The slides were counterstained with DAPl 
and visualised under fluorescence microscopy. 

Two slides per dose were scored for chromo¬ 
some-loss and the non-disjunction of chromosomes 


1, 2. 16. 18 and X analysed in pairs. Where possible, 
at least 300 binucieated cells w'ere scored on each 
slide. To reduce the technical and preparation arte¬ 
facts, only binucieated cells having the diploid num¬ 
ber of hybridisation signals (total of four signals in a ' 
binucieated cell for each chromosome) were anal- /, 
ysed. The event was scored as chromosome non-dis¬ 
junction when expected 2:2 segregation was not 
seen, but 1:3 or 0:4 for any of two chromosomes 
were observed. The frequencies of chromosome 
non-disjunction and loss were calculated in all binu¬ 
cieated cells scored (number of binucieated cells 
with abnormality divided by the total number of 
binucieated cells scored X 100). 

To analyse the quantitative changes in aneuploidy 
induction produced by chermcal treatment, we com¬ 
pared the frequencies of non-disjunction and chro¬ 
mosome loss using the P ' test of goodness of fit. 

3. Re.sult.s 

5.1, Estimation of the thresholds of actirin of Di\A 
reciaire chemicals 

In view of the potential protective mechanisms, 
e.g., metabolic inactivation and DNA repair activity- 
available to the mammalian cell, it is important that 
information is available on the activity of such sys¬ 
tems ui any in vitro tester strain used to investigate 
potential thresholds of activity. There is also increas¬ 
ing evidence that many of the mammalian cell lines 
used for the detection of DNA reactive chemicals are 
defective in the activity of the p35 tumour suppres¬ 
sor gene. In such strains, the relative proportion of 
DNA lesions processed into mutations rather than 
cell death may give an anefactual measure of the 
relationship between chemical exposure and muta¬ 
tion induction. 

The investigation of a potential threshold of activ¬ 
ity of a genotoxic chemical could be undertaken by a 
series of steps combined with attempts to address 
specific questions at each stage. The assumption has 
been made here that the agent has been shown to be 
a DNA reactive genotoxin m a sensitive screening 
assay, 

(a) For in vitro studies it is important, if possible, 
to utilize a cel! tv possessing an apparently "nor- 
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nial" battery ot' DN'A repair s_\>tems and uild type 
^>5.? acnvity. Currentiy. this is not possible for any 
genetic endpoint other than the induction of chromo¬ 
some aberrations where primary human cultures can 
be readily utilized. For the measurement of induced 
point mutations, the mouse lymphoma assay [11] is 
probably the only practical current alternative. 

(b) in vitro cell cultures could be utilized to 
determine the relationships between chemical e.ypo- 
sure. lesion induction, repair and lesion persistence 
At this stage, allowance would need to be made of 
the characteristics of the cell line used, e.g.. repair 
capacity, p33 status. The determination of the rela¬ 
tionship between lesion induction and mutation will 
require the use of highly sensitive and reproducible 
methods for quantifying lesions such as the 'P 
postlabelHng method or specific antibodies [12], 

(c) Current screening methods for genotoxic 
chemicals make use of a preparation of rat liver 
micTosomes as a surrogate activation system. Clearly, 
for the analysis of potential thresholds more precise 
information is necessary such as the relative contn- 
bucions of the activating and de-activating enzymes. 

(d) When extrapolating in vitro data to the in vivo 
situation, it will be necessary to provide information 
on the relationship between exposure concentration, 
lesion frequency and induced mutation in a target 
tissue. With our currently available methods, this 
will involve a considerable work effort, 

(cl Probably the most convincing evidence of a 
potential threshold of ucuvity for a DN.\ reactive 
chemical in vivo will be the clear demonstration of a 
cellular inactivating mechanisms such as conjugation 
using a Phase [I enzyme, which must be "over¬ 
whelmed " before reactive molecules interact with 
DNA. 

The criteria specified in (a) to (c) arc based upon 
the assumption that DlsJA lesions and mutations ob¬ 
served in the various test systems are biologically 


Table 1 

RSM analysis of ENU induced intron/exon mutations 



ENU 

^pleen 

Untreated 

'Spleen 

ENU 

bone marrow 

Untreated 
bone marrow 

Exon A 

0/14 

o/.vo 

0/14 

o/,vo 

E.xon 5 

.3/14 

o/?o 

0/24 

0/30 

Imron 6 

0/14 

0/?0 

1/14 

U/30 


TviMc 2 


RSM aiialys 

IS of 2-AAF mducei 

;1 miron oxisn mutations 


liver 

L iureateJ Incr 

ExiMt 4 

(). 160 

O.-HO 

E.xoq 5 

0/110 

O/SO 

Ituroit 6 

‘^/24 

O.'.VO 


relev ant to those observed in both somatic and inher- 
ited disease. However, molecular approaches now 
allow the analysis of DNA sequence changes 
throughout the genome, i.e.. in both coding and 
non-coding sequences [15]. In order to determine the 
relative relevance of mutations induced in different 
regions of the genome and their potential influence 
upon threshold.s of activity, we have undertaken an 
analysis of the relative induction and persistence of 
DNA sequence changes induced in coding exons and 
non-coding mtron.s. 

3.2. Comparaiit e analysis of mitratiun nuiucrion in 
i.von and intivn sequences of the p5J c;ene of the 
inou.se 

The result-s of the RSM analyses for the detection 
of induced mutations in the p53 gene of the mouse 
are shown in Table 1 (ENU treated spleens and bone 
marrow), Table 2 (2-AAF treated liver) and Table 3 
(DMH treated liver and bone marrow), All three 
treatments exhibit a heterogeneous distribution of 
mutations, with intron 6 mutations being predomi¬ 
nant. Given, that mutation induction is dependent 
upon sequence context, replication schedule and re- 
pairability [13] and that these aiC essentially constant 
across the three regions, it appears that mutation 
selection is responsible for the uneven distnbution of 
mutations. Hence, selection is shown to exert its 
negative effect predominantly upon exon mutations, 
even when this selection occurs over a period of only 
3 days. 


Table 3 

RSM analysis of DMH induced intron/exon mmaTions 



DMH 

liver 

Untreated 

liver 

DMH 

bone marrow 

Untreated 

bone marrow 

E.xon 4 

4/24 

0/30 

0/14 

0/30 

Exon 5 

2/24 

O/.30 

0/14 

0/30 

hiiron 6 

9/24 

1/30 

3/24 

4/30 
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Exon 4 Exon 5 Intron 6 


Fig. 1. Comparative induetion of mutationi in exon 4. exon 5 and 
intron 6 of the pSJ gene of mouse measured by the RSM assay . 
Mutations shown represent those observed after treatment with the 
chemical mutagens At-ethyl-N-nitrosourea (END). 2-acetylamino- 
fluorene (2-AAF) and 1.2-dimethylhydrazine (DMH.) and those 
detected in untreated tissue. 

Our results demonstrate the greater mutability of 
intron 6 compared to the two exons and confirm 
some of the published data on mutation accumula¬ 
tion in evolution. The results also validate the use of 
somatic mutation analysis to model the evolutionary 
process of mutation selection in introns and exons. 
The greater mutability of the intron region is empha¬ 
sised by the detection of intron. but not exon, sponta¬ 
neous mutations in our work. These data are sup¬ 
ported by unpublished results from our laboratory on 
mutation induction m another mouse pJJ intron 
region (intron 8). This preliminary' data also confinns 
the greater mutability of intron 8 compared to exon 4 
and exon 5, Hence, the results presented here w'erc 
not due to the sequence specificity of intron 6. but 
reflect a genuine difference in mutational sensitivity' 
between exon and intron regions. 

Fig. 1 shows the total number of mutations in¬ 
duced in each p33 region of all five tissues (plus the 
spontaneous mutations in the untreated control sam¬ 
ples). Fig. 1 demonstrates that intron 6 contains, on 
average, 6.7- and 5.4-fold the total mutations of 
exons 4 and 5, respectively. This is consistent with 
the value of 3-foid more accumulated missense mu¬ 
tations detected in introns compared to exons of 
rodent genes during evolution [14], particularly given 
the short selective period applied in this case. In a 
similar RSM study on ENU induced testes muta¬ 
tions. It was found that mutations induced in intron 6 
persisted in the germ line for 100 days whereas exon 
4 and exon 5 mutations completely disappeared after 
10 days [15], providing further evidence for the 


selective removal of coding, bm not non-coding, 
mutations. 

These data indicate that the measurement of muta¬ 
tions in non-coding regions of the DNA may provide 
an over estimate of the levels of mutations in the 
genome. W'hich lead to modification of the activity of 
proteins. However, currently we have in.sufficient 
information available for us to quantify the influence 
of sequence specificity upon potential thresholds of 
genotoxin activity. 

J.J. Estimation of thresholds of actieits of aneugenic 
chemicals 

Chemically induced chromosome loss and non- 
disjunction can be measured in binucieate cells gen¬ 
erated from Cytochalasin B treated culture.s of pri¬ 
mary human cells. A typical set of dose-response 
data for cultures treated with the aneugen griseoful- 
vin are shown in Figs, 2 and 3, The data shown in 
Figs. 2 and 3 demonstrate that for both induced 
chromosome loss (Fig. 2) and the non-disjunction of 
chromosomes 1, 2 and X (Fig. 3). there was a 
concentration range of griseofulvin over which no 
increases in either event could be observed. In the 
case of chromosome loss, no increase in frequency 
could be detected until an exposure concentration of 
15 jig/ml. whereas an increased frequency of non- 
disjunction could be detected at a concentration of .5 
p.g/ml. 

The application of in vitro data such as that 
shown in Figs. 2 and 3 to the in vivo situation is 


1 



Cone, of Grseotulvin (ugfml) 

Fij. 2. Frequencies of chromosome loss, uidueed in bmuclcule 
human lymphoL-ylc cultures as measured by the detection of 
micronuclei showing kiiietochore posiuie signals Cells were 
exposed to grisenfuK'in (Sigma) over a concemraiion ranee of 
0-60 ug/ml. 


PM3006451833 


Source: https://www.industry(documents.ucsf.edu/(docs/pjxj0001 



&0 



rig. .V Frequencies of non-disjunction of chromosomes I. 2 iind X 
in binucleiite human lyinphoevte cutturcs as measured using cen- 
trotncre-specific chromosome FISF{ probes- DUinbution of sigiiaU 
ineuMircd in rhe luiclci of The binutleate cells. Cells were exposed 
to gnse<^fnlviii(Sigma) overa conceiuration range of 0-30 

dependent upon the availability of a range of infor¬ 
mation to support extrapolation. 

il) The relative reliability of the in vitro data is 
clearly dependent upon the use of an experimental 
design of adequate statistical power. .Appropriate 
e.xperimental design has been e.xtensively discussed 
by ElhtiJouji et al. (1097) [l6j and will not be 
discussed further here. 

(2) In vitro experimentation can be utilized to 
determine the precise cellular targets, damages to 
which are responsible for the observed induced aneu- 
ploidy. For the purpose of this paper, we will assume 
that the chemical under consideration predominantly 
acts by interaction with spindle fibres during cell 
division. However, it should be appreciated that 
induced aneuploidy may potentially be produced by 
chemical modification of a wide variety of cellular 
targets and checkpoints (for review, see Ref. [17]). 
The use of an analytical approach, which assume.s 
the redundancy of targets and thus a Threshold can 
only be applied if e.xperimental data is available to 
prove target redundancy in the case of non-spindle 
iiiteructions leading to aneuploidy. 

The application of in vitro threshold data to 
the intact mammal should initially involve considera¬ 
tion of potential cellular and tis.sue targets w-here 
spindle inhibition may be significant. Rapidly divid¬ 
ing tissue, such as the bone marrow and the gastro¬ 
intestinal tract, would appear to be biologically rele¬ 
vant in the case of spindle damaging chemicals 
assuming the chemical under consideration reaches 


ihose tissues. The bone marrow micronucleus a.ssay 
cirrnhined with kinetochorc or centromere ■'taining 
ifor the detection of micronuclei containing whole 
chromosomes, provides a convenieni method for 
demonstrating aneugenic potential in vivo. However, 
it should be noted that the in vi\o micronucleus 
assay is only capable of measuring the induction of 
chromosome loss and is not capable of detecting 
non-disjLinction which requires the analysis of nucle¬ 
ated cells, The in vitro data shown m Figs. 2 and 3 
indicate that non-disjunction is induced by lower 
concentration than chromosome loss, 

(4) The demonstration of predominantly kineto- 
chore/centromere positive micronuclei in bone mar¬ 
row erythrocyte.s provides convincing evidence that 
an m vitro spindle inhibitor akso acts by a similar 
mechanism in bone marrow. However, the demon¬ 
stration of a threshold of aneugenic activity mea¬ 
sured by chromosome loss in the bone marrow would 
require animal experiments involving large numbers 
of chemical doses and replicates. Even if such data 
wa< available there would be a need to extrapolate 
potential thresholds by approximately 10-fold lower 
concemraiion to allow for the greater sensitivity of 
Induced non-disjunction observed m vitro which can¬ 
not, at present, be rneasured in the bone marrow. 

(.5) To determine whether concentrations equiva¬ 
lent to in vitro thresholds are achieved in vivo 
pharmacokmetic data would be necessary'. Such data 
could be based upon the measurement of the rela¬ 
tionship between exposure concentration and target 
tissue concentration. Although the bone marrow is 
the only tissue routinely available for the in vivo 
analysis of the potential activity of chemicals, it 
would he more appropriate to base calculations on a 
dividing (issue at which the highest level of test 
compound is achieved. In the case of a spindle 
inhibiting compound, which functions by interacting 
With tubulin then chemical interactions may also 
occur with the tubulin of the nervous system. Thus, 
measurements of chemically modified brain tubulin 
may provide an artefactual high ratio of exposure 
concentration compared w'ith those of target because 
of the higher concentrations of tubulin in neural 
tissues than other cellular tissues with a potential for 
significant numbers of cell divisions. 

(6) Information derived from in vitro threshold 
estimates may then be combined with estimates of 
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target tissue exposure to produce estimates of in vivo 
thresholds of activity of spindle inhibiting chemicals. 

<7) Clearly, pharmacokinetic data will onls he 
available on a limited range of chemicals. In the 
absence of such information, there arc a range of 
potential toxicological endpoints, such as neurotoxic¬ 
ity and reproductive tissue damage, for which a 
spindle inhibiting chemical might be predicted to 
produce a response. In such cases, the no effect 
concentration of the lest chemical for these endpoints 
might be used as a limited surrogate for pharmacoki¬ 
netic data. 

d.*/. Influence of Dh'A repair starus upon chenuculh' 
induc ed aneuploidy 

In the discussion presenied above, we have made 
a number of assumptions: that the sen.siuvny of cell 
lines to aneugcnic chemicals is approximaiels simi¬ 
lar and that the DNA repair mechanisms have little 
or no influence on the fidelity of chromosome .segre¬ 
gation. 

W’e have analysed the influence of D.N.-\ repair 
status upon the induction of both chromosome non- 
disjunction (both loss and gain of chromosomes) and 
chn'mostnne loss following the e.xpo.surc a: both 
wild type and repair-deficient human cell cultures lo 
the chemical ancugens colcemid and vinblastine. In 
this paper, we present representative data concerning 
induced non-disjunction. 


LVswi <»f CVilc.'fiDidfni’Tnl} 

... J* I'l 

C nminiTVimes ' . 

lIVi: VM«im 


Fiy. 4 Frequencies ol nkiii-viisjanctjon of chroniONomcb 16 and 16 
m binuckate human fibrobluM cultures as meahiircu h\ usiim 
cciuron'icrc’-spccific chronxisome TMSH prc^bc-s. Distiihuium ot 
MgnaU nieasurt'd in the nuclei of binucleuie celK. Colls of n 
pnrnar> wild type eulTuri? HF}2 and a xeroderma pigmentosum 
culture XPl8liR v.erc cxpo>ed tvi colvenud oser a con- 

ceniraiior. ranpc oi (J- !(.' ng 'ml 



F)osc.f or Vinblii'umclnpnill 

{''hriiiTKittinii's avHn 


liy\: XiMSIlK 

I-'ii;. 5. FrC'qucnciL’> ol'non-disjunclion of vhroincisonii.’> 16 and IS 
111 bimicleciH' human fibrc)bla.si cultiirc-.s a.^ nica.'iirfd can- 
rraniere-sjiecific chromoscime FISH prubc'.. Distribution of sianal- 
me.isurcd in the nuclei of binucleiite cells Cells of a priniarv w ikt 
type culture HFI2 and an xeroderma pigmenlosuin culture 
XPISBR ttcrc exposed to vuiblasune ow- i conceniraiion ranee 
of 0-2 nj /ml. 


Figs. 4 and 5 demonstrate the effects of colcemid 
(up to It) ng/ml) and vinblastine (up to 2 ng/ml) 
upon the frequency of induction in vitro of non-dis¬ 
junction of chromosomes 16 and IS on both a wild 
type HF!2 and in the mutant XP18BR of xeroderma 
pigmentosum. Over the concentration ranges anal- 
\sed neither colcemid or vinblastine produced ain 
increase in noii-disjunction in the wild type culture 
HF12. 

In contrast to failure at the concentrations used of 
ealccmid or v inblastine to induced non-disjunction m 
the wild type strain, significant increases in non-dis- 
junction were produced in all the repair-deficient 
strains studied. Examples of the data obtained for 
XPI8BR are shown in Figs. 4 and 5 for colcemid 
and vinblastine, respcctix'ely. 

These data indicate that DNA repair status may 
inifuence the sensitivity of cell cultures to the aneu- 
genic effect.s of chemicals. Such differences in repair 
status may potentially modify the thresholds of activ¬ 
ity of aneugenic chemicals. 


4. Discussion 

The data presenied here demonstrate that both the 
site of mutation mduciion. i.e.. exon or intron se¬ 
quence. and the repair status of a culture, may 
mtfucncc a potential threshold of acilvitv of a geno- 
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’o\io ..hemical. The^e interaction-; may intluence 
chemical activit}’ in a variety of different ways. 

Given that introns are effectively selectively neu- 
tral, it may be assumed that the intron mutation level 
reflects the exon mutation level before selection is 
applied and hence, a large proportion of the exon 
mutations must have been selectively removed. 
Therefore, assuming all three regions exhibit an equal 
propensity to mutation and all mutagens act identi¬ 
cally. it can be deduced from Fig. I. that approxi¬ 
mately SofF of the total exon 4 mutations and 81“^ 
of total exon 5 mutation.s were removed by selective 
processes. Therefore, the remaining mutations can 
be assumed to be selectively less important. By 
analysing the exon mutations remaining after 3 days 
for their predicted amino acid substitutions (Table 4). 
it was found that 757c (3/4) of the remaining muta¬ 
tions ill the exon 4 region were conservative (either 
did not change ihe amino acid or changed it to 
another of the same family). In the case of exon 5. it 
was found that 80'T (4/5) of the remaining muta¬ 
tions were conservative. This is consistent with the 
widely accepted view that neutral mutations are much 
more likely to arise in coding regions than non-neu¬ 
tral mutations [18]. Therefore, in exon 4, only 25T- 
(1 /-I) of remaining mutations altered the amino acid 
sequence significantly, whereas the equivalent figure 
for exon 5 was 20‘T (1/5). It is not known if these 
non-neutral ammo acid changes affect the function 
01 ' the p53 protein. However, the fact that the major¬ 
ity (75‘'r-HOT} of the remaining exon nuiiations 


■Vvlvle 4 

Prcilictecl aminn acid changes induced tollovving inutagen expo- 
su re 


F.M' 
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-\TG GCC-.ATG, GTC 

.liui-vai 

cJii 
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DStH Ih t-r 

T.Kifl J 


edn I 56 

.ATC/GCC-.XTC /GCC 

mct-ilc 

edn 157 

.ATG.'GCC-.ATG./CC.X 

ula-ala 

DStH h, er 

E-wn 4 


cdii 64 

GGA/GCT-GGA./ACT 

ala—thr 

Clin 64 

GGA/GCT-GGA/CCT 

ala-pro 

edn 64 

GCA/CCT-GGA/GTT 

aia—val 

idn S6 

CCA/TGG-CCG/TGG 

pro-pro 


would not significantly alter the amino acid .structure 
presumably reflects the role of selection m prevent¬ 
ing the perturbation of protein structure. These re¬ 
sults contradict those of Wolfe and Sharp (1993) [19] 
and Wolfe et al. (1989) [20] in that the silent exon 
mutations detected here appear not to be selectively 
neutral, as the accumulation of such mutations is 
substantially lower than that of the selectionless in- 
iron region. Due to the unique role of the pS3 gene 
product in the maintenance of genetic integrity 
through cell cycle control and apoptosis initiation [7], 
deletenous mutations may be selected against here at 
a higher rate than in other less essential genes. 

.A,n alternative factor which may contribute to the 
skewed mutation results is the fact that the regions 
analysed contained different sequences, which may 
have affected their mutagenesis [19]. Hence, the 
assumption that all three p53 regions examined here 
have an equal propensity to mutation, may not be 
strictly true. Nonetheless, as the RSM assay detects 
mutations induced in restriction enzyme sites and 
given the fact that the three p53 regions share some 
of the same sites (HaeWi and ym-iil), the contribu¬ 
tion of sequence bias is probably insufficient to 
explain the marked differences in mutation induction 
among the three regions. However, in order to accu¬ 
rately quantitate the level of selection, analyses 
should ideally be performed within regions of identi¬ 
cal sequence. A further point, which should be raised, 
is that Ihe effect of selection varies among the three 
studies (the level of selection in exon 4 varies from 
100‘T mutation removal in the ENU treated spleens 
to 55T mutation removal in DMH treated livers), 
this IS probably a consequence of the diffenng reac¬ 
tivities of the three chemicals. There is also a tissue 
specific bias to the mutations detected and hence to 
the mutation selection, presumably as a result of the 
diffenng cell turnover kinetics. Despite these caveats, 
these results provide an insight into the role of 
selection in mutation persistence and also allow us to 
estimate the level of selection acting on the various 
DNA regions. In order to charactense the role of cell 
division rate in mutation selection, it would be of 
interest to study the accumulation of DMA mutations 
in tissues which are rapidly dividing (e.g.. bone 
marrow) and those that are undividing (e.g.. brain). 

Mutation selection is non-homogenous, varying 
from base to base. This is demonstrated in pan. by 
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the sequence specific accumulation of tumour hotspot 
mutations, e.g.. in the human p53 gene [21], There¬ 
fore, prediction of the mutagenicity of particular base 
po.sitions is only possible once the effect of seiectioh 
is ascertained (22], In order to determine the effect of 
selection on mutation persistence at each base posi¬ 
tion. the selective pressiifre acting at specific base 
positions must be characterised Extension of the 
above studies to analyse mutation induction at p53 
tumour mutation hotspots may yield imponani infor¬ 
mation concerning the selective pressure acting upon 
functionally important DN.4 sequences. In the case 
of tumour hotspot mutations, selection acts in a 
positive manner promoting cellular proliferation. If 
the contribution of selection (both positive and nega¬ 
tive) in mutation induction can be deduced by exper¬ 
imentation. then it will become possible to under¬ 
stand how molecular genomic evolution progresses. 
This will also allow us to predict the mutagenicity of 
exon bases and hence, model mutation-driven tu- 
moungenesis more effectively. 

In the context of this paper, further data is neces¬ 
sary before we can estimate the contribution of 
sequence-specific effect,s upon calculations of dose- 
response cuix'es and potential thresholds. However, 
our data do raise questions as to the potential inllu- 
ence of the site of mutation induction upon the genes 
used to measure induced mutation in transgenic mu¬ 
tation models (for example, Gossen ei al. [23]). In 
such cases, mutation frequencies are generally esti¬ 
mated in "foreign" sequences that are not tran- 
senbed in the host species. It is therefore highly 
likely that estimates of mutation frequency derived 
from these non-coding sequences may be ox’er-esti- 
mates of mutation frequencies in endogenous genes. 

Our data and those of other workers [l6.24.25] 
indicate that the dose-response and potential thresh¬ 
olds of both induced mitotic chromosome loss and 
non-disjunction can be measured in cultured mam¬ 
malian cells. However, thus far the assumption has 
been made that the quantitative levels of induced 
aneuploidy are not influenced by the DN.<y repair 
status of the treated cells. Such an assumption is 
based upon the known relationships between DN'A 
lesion removed and repair acti\'it\ and the current 
absence of information that the targets of aneuploidy 
induction such as tubulin biosynthesis are influenced 
by DNA repair activity. 


In this paper, we have demonstrated that excision 
deficient cultures of xeroderma pigmentosum show 
increased sensitivity to the induction of aneuploidy 
by both colcemid and vinbla.stine. At the present 
time, it is possible to speculate on various connec¬ 
tions between the factors involved in DNA repair 
and those involved m maintaining the fidelity of cell 
di\ision. However, the necessary experimental data 
is not available to either confirm or dismiss possible 
speculations. Clearly, funher studies are necessary to 
determine the mechanisms, which influence the rela¬ 
tionships between cellular genotype and sensitivity 
to chemical aneugens. However, the available dafc- 
do indicate that care should be taken in extrapolating 
threshold data from one cell type to another and to 
the in vivo situation. 


The work described tn this paper w^^as made possi¬ 
ble by grants from the Enx'ironmental Programme of 
the European Union and the Biotechnology and Biol¬ 
ogy Research Council and a Research Equipment 
Initiative cram from the Medical Research Council 


Iii L.L. LukaNh. J. Bcldt. .\£ Pege. M.E. Dolan, V.M Maker. 
JJ. McCormick. Effect of O'-alkyiguanine-DN.-X alkyltraiib- 
fcra.sc on the >pectrum of muiations induced b\ .V-rnetInl' 
.N-niiro-.V-niirosoguaniciiiic in the HPRT gene of diploid 
human fibroblasls. Mutation Research 250 (1990 397-409 

[2] J.M, Bishop. Molecular theme> in oricogenesib. Cell 64 
(19911 23.5-248. 

l3] L.B. Russell. Quamiiative analysis of mouse specific locus 
mulaiions: infonnaiion on genetic organisation, gene expres¬ 
sion and the chromosomal nature oi induced mutations, in. 
F.l de Senes. W. Pheridon (Eds.), Utilization of Mammalian 
Specific Locus Studies in Hazard EvaUuuioii and Estimation 
of Genetic Risk. Plenum, Nevv York. 1983. pp, 241-25S. 

[4] W B. Jacoby. The glutathione 5-iransfcrases. a group of 
multidunciion dcioxificalion proteins. Ad\’. Enzymol. Relat. 
.Areas Mol, Biol 4b (19781 303'-3l4 

[5] G, .Smith. C..A,D. Smith. C.R. W'alto. Pharmucogeneiic pol\- 
morphisms. in; D.H. Phillips. S Venitl (Eds,). Environmental 
Mutagenesis. BIOS Press. 1995. pp. 83- lOb. 

[b] E.C. Fricdbcrg. G.C. Walker. W, Sicdc. DNA Repan and 
Mutagenesis. ASM Press. Washington. 1995. 698 pp. 

["] D.P. Lane. Cancer: p53. guardian of the genome. Nature 358 
(1992^ 15-16 


Acknowledgements 


References 



PM3006451837 


Source: https://www.industrydocuments.ucsf.edu/docs/pjxj0001 





[^] J.Nt, Pdrp.. R J. PicMer. A \k'Don;:lJ. Thro^hciid^ t’^^r .ir.eo- 

p!v>ivl\-iriLiticing cheinic;iK, NlLjtJsenesis d 1 t^sJA) 

[')] S.A. Miller. D D, Dvkes, H F. Polesky, A sinipie suiting out 
priscediiie for oxtructip.g DNA from human luicleaied cells. 
N'iicleic Aculs Research 16 (1^)881 1215. 

(101 J,E. Cleaver, K.H. Kraemer, Xoroderma pigmeniosum, in: 
C,R. Scriver. A.L. Reaudef. W.S. Sly. D, Valle (Eds f The 
Metabolic Basis of Inherited Disease. McGraw-Hill, New 
^'ork, 1989, pp 29i9-:97i. 

[I 1] D. Clive, Mammalian cell mutation assays, in: D.H. Phillips, 
S, Vennitl (Eds.). Enviranmentai Mutagenesis, BIOS Press. 
1993, pp. 201-218. 

[121 K. Randeralh, M.V. Reddy, R.C. Gupta, ' P-postlabelling 
test for DNA damage. PrtH;. Natl. .Acad. Sci. L'.S.A. T.g 
(1981) 6126-6129. 

[12] S VI. Chiocca. M.S. Sandy, P.A. Cerutti. Genotypic analysis 
of ,V-eth_vl-,V-nitrosourea-induced mutation.s by Tucfl resinc- 
ticin fragment length polymorphism/polymerase chain reac¬ 
tion in the c-H-rasl. Proc, Natl. Acad Sci. 89 11992) 5.2.^l- 
5225 

[14] ,A.L, Hughes'; M. Yeager, Comparative evolutiontuy rates of 
intrtins and exons in munne rodenfs. J. Mol. Evol, 45 (1997) 
125-120. 

[15] G.J.S. )cnkins. 1. de G. Mitchell, J.M. Parry. Enhanced 
Restnction Site Vfutaiion (RSM) analysis of 1,2-dimethylhy- 
drazine induced mutations, using erulosenous p52 intnin 
seqtiences. Mutagene.si5 12 11997) 117-12,'. 

[16] A Elhajoiiji, F. Tibaldi, M Kitsch-Voldcrs. indication for 
thresholds of chromosome non-disjunction versus chromo¬ 
some tagging hy spindle inhibitors in vitro in human lympho¬ 
cytes, Mutagenesis 12 (1997) l,t)_|A0 


. i "] JM Parrs E..V1 Parrs. Induced chromositine aneuploids it.s 
role in the asNCssment of the cenetie losicoiogy of environ¬ 
mental ehemieals. m: G. Jolles. A, C.irdien lEds.i, New 
Trends in Genetic Risk .Avsessnient. .-Vcademic Press. New 
Y'ork. 1989. pp. 261-296. 

[IS] D.N, Cooper. M. Krawzcak. Single base pair substitutions in 
pathology and evolution; two sides to the same coin. Human 
.Mutation 8 (1996) 22-21. 

[19] K.H, Wolfe, P.M. Sharp, Mammalian gene evolution: nu¬ 
cleotide sequence divergence between mouse and rat. J. Mol. 
Ecol. 37 (1993) 221-456, 

[20] K-H, Wolfe, P.M. Sharp. W. Li, Mutation rates differ .imong 
regions of the mammalian genome. Nature .’.'7 (19891 282- 
285. 

[21] M, Hollstein, D. Sidraiisky, B. Vogelsiein, C.C. Hams. p.s,2 
mutations in human cancers. Science 253 (19911 49-53 

[22] G.P. Holmquist, S. Gao, Somatic mutation theory, DN.A 
repair rates and the molecular epidemioiogy of p52 muta¬ 
tions. .Mutation Research 386 (1997) 69-101. 

[2.’] J..A. Gossen. W J.F. dc Lceusv. A. Verwe.st. P.M. Lehman, J. 
Vi| 2 . HfSh somatic mutation frequencies in a /ntZ tran.sgene 
integrated on the mouse X-c!uomosome. .Mutation Research 
25n (1991) 422-a:9, 

[24] .A. F,lhajouJi. P van Htimmelen. VL Kirsch-Voklers. Indica¬ 
tions for a threshold of chemically Induced aneuploidy m 
vitro in human lymphocytes. Environ, Mol. Mut.agen 26 
M995) 292 -304 

[25] R.R. .Marshall. .M. Murphy. D.J. Kirkland. K.S. Bcmlcy. 
Fluorescence in situ hybridisation with ehromosome-spevirtc 
v'eniromenc probes: a sensitive method to detect aneuploidy. 
Mutation Research .'72 (1996) 233-245. 


PM3006451838 


Source: https://www.in(dustrydocuments.ucsf.e(du/(docs/pjxj0001 



